Three patients who chronically abused alcohol were found to be hyponatraemic with normal plasma potassium. The ®rst had been admitted with confusion and weight loss, the second with hypotension and sepsis, and the third with confusion and hypoglycaemia-induced seizures. All three patients had a subnormal cortisol response in the short synacthen test; however, the plasma cortisol after three days of tetracosactrin administration was greater than 550 nmol/L. Baseline corticotropin levels were less than 10 pg/mL in all three. No structural lesions of the hypothalamo±pituitary tract were found and there was no evidence of other endocrinopathies. Glucocorticoid replacement therapy led to the resolution of hyponatraemia and hypoglycaemia, where present, and to clinical improvement. The two surviving patients remained hypocortisolaemic in the long term, without recurrence of hyponatraemia or hypoglycaemia.
INTRODUCTION
In chronic alcoholism, a well-recognized complication is Cushing's syndrome but isolated de®ciency of corticotropin (ACTH) is also encountered 1±3 . From its clinical and biochemical features this life-threatening condition can be hard to distinguish from acute alcohol toxicity or alcohol withdrawal. We describe three cases.
METHODS
To assess the hypothalamo±pituitary±adrenal axis we used short and long tetracosactrin tests.
For the short tetracosactrin test blood was taken for baseline plasma cortisol (Immulyte chemiluminescent method, Diagnostic Products Co-operation, Los Angeles), 250 mg tetracosactrin was given intravenously, and further blood was taken 30 minutes later for cortisol measurement. Where possible the test was done at 9.00 am. A plasma cortisol of 550 nmol/L or less 30 minutes after tetracosactrin suggests hypoadrenalism.
For the long tetracosactrin test blood was taken for baseline plasma cortisol and ACTH at 9.00 am, before daily administration of 1 mg tetracosactrin-depot for three days; plasma cortisol was then rechecked at 9.00 am on the fourth day. A value not exceeding 550 nmol/L points to hypoadrenalism, as distinct from hypothalamo-pituitary dysfunction.
CASE HISTORIES

Case 1
A man aged 54 was referred with a six-month history of increasing confusion, weight loss and abdominal pain. He had previously been admitted with alcohol hepatitis (con®rmed on liver biopsy), seizures and decompensated hepatic failure. He took no regular medication, had never received glucocorticoid therapy, smoked heavily and drank more than sixty units of alcohol per week. There was no relevant family history. On examination he was distressed and agitated but haemodynamically stable (blood pressure 140/90 mmHg, pulse 88/min). He was not clinically dehydrated. Peripheral stigmata of hepatic impairment were evident, with hepatomegaly and ascites. He was confused but had no signs of focal intracranial disease. Initial investigations con®rmed deranged hepatic function, and pancreatitis was excluded. Profound hyponatraemia with normokalaemia was noted ( Table 1) . A chest X-ray was normal and cerebral computerized tomography (CT) revealed diffuse atrophy. The hyponatraemia did not respond to¯uid restriction. Plasma and urine osmolalities were 253 and 330 mmol/kg respectively. In a short tetracosactrin test basal cortisol was 60 nmol/L. Tetracosactrin stimulation produced a rise to only 310 nmol/L after 30 minutes; at baseline ACTH was undetectable. In a long tetracosactrin test basal plasma cortisol was 30 nmol/L, rising to a satisfactory 1160 nmol/L on the fourth day. Taken together, these tests suggested a hypothalamo-pituitary cause for the hypocortisolaemia. No antibodies against thyroid microsomes, thyroglobulin, adrenal cortex or gastric parietal cells were detected and tuberculosis screening was negative. Thyroid function tests suggested sick euthyroid syndrome; no other endocrine abnormality was demonstrated. An insulin stress test was not performed because of previous seizures. On magnetic resonance imaging the pituitary fossa was normal, as were visual ®elds on formal perimetry testing. Isolated ACTH de®ciency was diagnosed, presumed secondary to chronic alcohol excess. With replacement hydrocortisone (20 mg am, 10 mg pm) plasma sodium became normal and his symptoms resolved. Three months later the short tetracosactrin test was still abnormal and he has remained hydrocortisone dependent. No further endocrine abnormalities have become apparent.
Case 2
An alcohol-dependent woman aged 49 was admitted with decompensated hepatic failure, alcohol withdrawal ®ts, and hyperglycaemia associated with pancreatitis (initial blood glucose 17.4 mmol/L). She had previously been admitted at various times with variceal bleeding, recurrent pancreatitis leading to non-insulin-dependent diabetes, and several attempts at self-harm. She took no regular medication and had never received glucocorticoids. She was a non-smoker and her consumption of alcohol could not be quanti®ed. There was no relevant family history. On examination, she was distressed and confused, pyrexial, tachycardic and clinically dehydrated with hypotension (recumbent blood pressure 90/64 mmHg, pulse 118 min). She was anaemic with stigmata of chronic liver disease but no evidence of recent bleeding. Preliminary investigations revealed hyponatraemia, with normal renal function, deranged liver function and abnormal clotting, raised amylase and a macrocytic anaemia (see Table 1 ). She had an Escherichia coli urinary infection. Urine and plasma osmolalities were 298 and 268 mmol/kg, respectively. The short tetracosactrin test response was subnormal (basal and 30 minute cortisol 125 and 275 nmol/L) with undetectable ACTH at baseline. A long test showed an adequate response (fourth day cortisol 810 nmol/L). Autoantibody and tuberculosis screens were negative. An insulin stress test was not performed because of recent seizures. No other endocrine abnormality was detected. CT of the adrenal glands was normal; cerebral CT and magnetic resonance scans showed cerebral atrophy with no pituitary lesion. Isolated ACTH de®ciency was diagnosed, presumed secondary to excessive alcohol consumption. She was started on replacement hydrocortisone as in Case 1, and the hyponatraemia initially responded. Unfortunately, she later developed hepatorenal syndrome and fulminant sepsis, and died. At necropsy no structural hypothalamic, pituitary or adrenal disease was observed.
Case 3
A 40-year-old alcohol-dependent man was admitted with collapse, weight loss and acute confusion. Medical history included schizophrenia and admissions for alcohol withdrawal seizures and inebriation. Regular medication included depot upenthixol (20 mg monthly); he had never received glucocorticoid therapy. He drank in excess of forty units of alcohol a week and smoked heavily. There was no relevant family history. On examination he was hypotensive (blood pressure 100/64 mmHg), tachycardic (pulse 108/min) and confused; there was no clinical evidence of chronic liver
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V o l u m e 9 3 J a n u a r y 2 0 0 0 disease, encephalopathy or intracranial disease. Liver biopsy was not performed. No obvious source of infection was identi®ed. Initial investigations revealed hyponatraemia with urine and plasma osmolalities approximately the same (see Table 1 ). No other abnormalities were detected. He was treated with 0.9% saline but remained hyponatraemic, with worsening confusion. This was complicated by three hypoglycaemic episodes provoking grand mal seizures (plasma glucose 1.6±2.1 mmol/L with insulin levels less than 3 mu/L on all occasions). A short tetracosactrin test showed an inadequate rise (basal and 30 minute cortisol 528 and 50 nmol/L) with ACTH undetectable at baseline. A long tetracosactrin test showed an adequate cortisol response (basal and fourth day cortisol 540 and 900 nmol/L). No other endocrine abnormality was detected. Autoantibody and tuberculosis screens were negative. Radiological images did not reveal any structural abnormality of the pituitary or adrenal glands. Isolated ACTH de®ciency secondary to excess alcohol intake was diagnosed and he was started on hydrocortisone replacement with resolution of his confusion, hyponatraemia and hypoglycaemic episodes. Cortisol levels with ACTH provocation remained subnormal so he continued on glucocorticoid replacement.
DISCUSSION
In the past, ACTH de®ciency was diagnosed by demonstration of an impaired cortisol response to insulin-induced hypoglycaemia 4 . More recently, the short tetracosactrin test has been advocated. Although the insulin stress test remains the`gold standard', the short tetracosactrin test is safer in patients with epilepsy and ischaemic heart disease. ACTH de®ciency is associated with low basal ACTH, an impaired 30-minute response to tetracosactrin, but a normal response after administration for three to four days. These features are demonstrated in the cases described here. Isolated ACTH de®ciency is unusual in the absence of structural hypothalamic or pituitary defects. It has previously been reported in chronic alcohol abuse and also in type I diabetes mellitus 6, 7 , primary hypothyroidism 7 , primary infertility 8 , transient thyroiditis 9 , thyrotoxicosis 10 , and benign intracranial hypertension 11 . The pathophysiology remains unclear. The clinical presentation has included hypoglycaemia 12 , cramps 13 , anaemia 14 , deterioration of mental function 15 , myoclonus and seizures 16 , and severe hypotensive crisis 17 . Hyponatraemia is usually present, re¯ecting the de®ciency of glucocorticoid action to enhance free water excretion 18 . Hyperkalaemia is usually absent. This diagnosis is easily excluded with a short tetracosactrin test, which should be considered for any chronic alcohol-abusing patient with unexplained hyponatraemia or hypoglycaemia.
